Pyrophosphate-induced acidification of trans cisternal elements of rat liver Golgi apparatus.
Trans cisternal elements of the Golgi apparatus from rat liver, identified by thiamin pyrophosphatase cytochemistry, were isolated by preparative free-flow electrophoresis and were found to undergo acidification as measured by a spectral shift in the absorbance of acridine orange. Acidification was supported not only by adenosine triphosphate (ATP) but nearly to the same degree by inorganic pyrophosphate (PPi). The proton gradients generated by either ATP or PPi were collapsed by addition of a neutral H+/K+ exchanger, nigericin, or the protonophore, carbonyl cyanide m-chlorophenylhydrazone, both at 1.5 microM. Both ATP hydrolysis and ATP-driven proton translocation as well as pyrophosphate hydrolysis and pyrophosphate-driven acidification were stimulated by chloride ions. However, ATP-dependent activities were optimum at pH 6.6, whereas pyrophosphate-dependent activities were optimum at pH 7.6. The Mg2+ optima also were different, being 0.5 mM with ATP and 5 mM with pyrophosphate. With both ATPase and especially pyrophosphatase activity, both by cytochemistry and analysis of free-flow electrophoresis fractions, hydrolysis was more evenly distributed across the Golgi apparatus stack than was either ATP- or PPi-induced inward transport of protons. Proton transport colocalized more closely with thiamin pyrophosphatase activity than did either pyrophosphatase or ATPase activity. ATP- and pyrophosphatase-dependent acidification were maximal in different electrophoretic fractions consistent with the operation of two distinct proton translocation activities, one driven by ATP and one driven by pyrophosphate.